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Research QuestionResearch Question

Is the pattern of injuries changingIs the pattern of injuries changing
with the availability of airbags?with the availability of airbags?
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Types of injuries in airbag crashesTypes of injuries in airbag crashes

•• Associated (e.g.Associated (e.g.
lower extremitylower extremity
fractures)fractures)

•• Prevented (e.g.Prevented (e.g.
facial fractures)facial fractures)

•• Caused (e.g.Caused (e.g.
ocularocular adnexa adnexa
injuries)injuries)
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Types of injuries in airbag crashesTypes of injuries in airbag crashes

•• Associated (e.g.Associated (e.g.
lower extremitylower extremity
fractures)fractures)

•• Prevented (e.g.Prevented (e.g.
facial fractures)facial fractures)

•• Caused (e.g. ocularCaused (e.g. ocular
adnexaadnexa injuries) injuries) 0
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Effect of Change in Velocity on theEffect of Change in Velocity on the
Development of Medical Complications inDevelopment of Medical Complications in

Patients with Patients with Multisystem Multisystem Trauma SustainedTrauma Sustained
in Vehicular Crashesin Vehicular Crashes

P P DischingerDischinger, J , J SiegelSiegel, S Ho and J , S Ho and J KuferaKufera

Accident Analysis and PreventionAccident Analysis and Prevention
30(6):831-837, 199830(6):831-837, 1998
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Patient/crash characteristicsPatient/crash characteristics
(n=76)(n=76)

Mean age Mean age ++ SD SD 37.5 37.5 ++ 17.2 17.2
Mean ISS Mean ISS ++ SD SD 25.4 25.4 ++ 11.0 11.0
% Drivers% Drivers 78.878.8
% Belted% Belted 31.831.8
% % Frontal CollisionsFrontal Collisions 60.060.0
% % ∆∆v v >> 30 mph 30 mph 51.351.3
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Incidence of ComplicationsIncidence of Complications

  NN   %  %

SepsisSepsis 1919 25.025.0
Pulmonary failurePulmonary failure 1616 21.121.1
ARDSARDS 1313 17.117.1
Cardiac failureCardiac failure   4  4   5.3  5.3
Renal failureRenal failure   8   8 10.510.5
Multiple system organ failureMultiple system organ failure   9  9 11.811.8
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Hospital course and costs for patients withHospital course and costs for patients with
and without complicationsand without complications

Mean age* 47.5 33.4 37.5

Mean ISS** 30.9 23.1 25.4

Motrality (%) * 54.6 1.9 17.1

Median LOS ** (days) 33.5 13.0 16.0

Median hospital charges** $96,331 $22,698 $36,194

Median professional charges** $36,314 $11,068 $17,936

Median total charges** $142,582 $33,478 $58,261

*p<0.006
**p<0.001

Patients with
complications

(n=22)

Patients without
complications

(n=54)

Total
(n=76)
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Risk of Complications
by Age and ∆v

(N=76)

0
8

44

24

64
71

0

20

40

60

80

14-35 36-45* 46+

%

Delta V < 30

Delta V 30+

 (n=16)  (n=21) (n=12)  (n=11) (n=9)  (n=7)

Age Group *p=.009



National Study Center

Risk of ComplicationsRisk of Complications
by ISS and by ISS and ∆∆vv
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SummarySummary

•• Delta V is a significant predictor ofDelta V is a significant predictor of
medical complications in severely injuredmedical complications in severely injured
driversdrivers

•• Mean delta v was 35 mph Mean delta v was 35 mph vsvs. 28 mph for. 28 mph for
patients with and without complicationspatients with and without complications

•• The risk of complications in patientsThe risk of complications in patients
injured in crashes with a delta v injured in crashes with a delta v >> 30 mph 30 mph
was 5.6x higherwas 5.6x higher
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•• So, it seems that…So, it seems that…

–– injuries are related to injuries are related to pdof pdof and restraintand restraint
useuse

–– while medical complications are awhile medical complications are a
function of delta vfunction of delta v
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ConclusionsConclusions

•• Important implications for patient triageImportant implications for patient triage
and tertiary prevention measuresand tertiary prevention measures

•• New technologies currently being studiedNew technologies currently being studied
need to be utilized to give pre-hospital andneed to be utilized to give pre-hospital and
trauma clinicians access to information ontrauma clinicians access to information on
collision forcescollision forces
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CIREN CASECIREN CASE

SPECIAL INVESTIGATIONSPECIAL INVESTIGATION
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ISSUES OF INTERESTISSUES OF INTEREST

•• Belt usage as reportedBelt usage as reported
•• Validation by scene dataValidation by scene data
•• Conflicting physical findingsConflicting physical findings
•• Accuracy of on-board data recordersAccuracy of on-board data recorders
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• Two vehicle crashTwo vehicle crash
•• Late night hours; fall weekdayLate night hours; fall weekday
•• Two lane, undivided, paved roadwayTwo lane, undivided, paved roadway
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ROADWAYROADWAY

•• Two lane, undividedTwo lane, undivided
•• Asphalt paved urban roadwayAsphalt paved urban roadway
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VEHICLE 1VEHICLE 1

•• 1998 Chevrolet Malibu rental car1998 Chevrolet Malibu rental car
•• Driven north in NB travel laneDriven north in NB travel lane
•• Speed estimated 48-56 km/h (30-35 mph)Speed estimated 48-56 km/h (30-35 mph)
•• 26 26 yoyo male driver male driver
•• Reported restrainedReported restrained
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VEHICLE 2VEHICLE 2

•• A not-in-transport 1990 InternationalA not-in-transport 1990 International
•• COE tractor trailer combinationCOE tractor trailer combination
•• Properly parked at W edge of roadwayProperly parked at W edge of roadway
•• Facing SFacing S
•• No occupants in vehicle 2No occupants in vehicle 2
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CRASH CIRCUMSTANCESCRASH CIRCUMSTANCES

•• Driver apparently fell asleepDriver apparently fell asleep

•• V 1 drifted L, crossing southbound laneV 1 drifted L, crossing southbound lane

•• Front plane impacted and severelyFront plane impacted and severely
underrode the front plane of V2 in headunderrode the front plane of V2 in head
on configurationon configuration
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RECONSTRUCTIONRECONSTRUCTION
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• The size of V2 places crash outside theThe size of V2 places crash outside the
scope of SMASH 1.3 reconstructionscope of SMASH 1.3 reconstruction
programprogram

•• Therefore, a Delta V was not computedTherefore, a Delta V was not computed

•• CDC of 12FDEW3 assigned using…CDC of 12FDEW3 assigned using…

•• PDOF of 000 degreesPDOF of 000 degrees

•• Maximum crush of 66 cm (26 in) at C6Maximum crush of 66 cm (26 in) at C6
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CRASH RECONSTRUCTIONCRASH RECONSTRUCTION
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CRASH RECONSTRUCTIONCRASH RECONSTRUCTION
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• Using these figures, a Barrier EquivalentUsing these figures, a Barrier Equivalent
Speed Estimate was computed, usingSpeed Estimate was computed, using
SMASH 1.3, as 37 km/hr (23 mph)SMASH 1.3, as 37 km/hr (23 mph)

•• This estimate appears somewhat lowThis estimate appears somewhat low
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• The forces involved in this impactThe forces involved in this impact
exceeded the manufacturer’sexceeded the manufacturer’s
supplemental restraint system thresholdsupplemental restraint system threshold
in V1 and both driver’s side andin V1 and both driver’s side and
passenger’s side redesigned airbagspassenger’s side redesigned airbags
deployeddeployed
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AIRBAGSAIRBAGS

DepoweredDepowered??
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AIRBAGAIRBAG

•• Not damaged P119078-01F---Not damaged P119078-01F---
•• Did not yield evidence of occupant contactDid not yield evidence of occupant contact
•• Measures 58cm ( 23in) in diameterMeasures 58cm ( 23in) in diameter
•• Two vent portsTwo vent ports
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AIRBAGAIRBAG
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• After impact, V1 rotated approximately 10After impact, V1 rotated approximately 10
degrees counterclockwise whiledegrees counterclockwise while
maintaining contact with V2…maintaining contact with V2…

•• Came to rest, facing N at the W edge of theCame to rest, facing N at the W edge of the
roadwayroadway

•• During the crash sequence, the fuelDuring the crash sequence, the fuel
injector of V1 was sheared by the frontinjector of V1 was sheared by the front
bumper of V2 and a small engine firebumper of V2 and a small engine fire
ensued in V1ensued in V1
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TECHNICAL SUMMARYTECHNICAL SUMMARY

•• The fire was not a threat to the driver,The fire was not a threat to the driver,
and was quickly extinguished byand was quickly extinguished by
responding emergency personnelresponding emergency personnel

•• The driver of V1 sustained major injuriesThe driver of V1 sustained major injuries

•• Not entrapped, but extrication requiredNot entrapped, but extrication required
secondary to jammed L and R frontsecondary to jammed L and R front
doorsdoors



National Study Center

DRIVER: V1DRIVER: V1

•• Upon removal, he was transportedUpon removal, he was transported
by air to a regional trauma centerby air to a regional trauma center
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DRIVER: CASE OCCUPANTDRIVER: CASE OCCUPANT

•• Bilat pulm Bilat pulm contusionscontusions

•• R R acetabular fxacetabular fx

•• Laceration, scalpLaceration, scalp

•• Abrasions, mid chestAbrasions, mid chest

•• Shoulder restraintShoulder restraint

•• L instrument panelL instrument panel

•• L/F door, window frameL/F door, window frame

•• Shoulder restraintShoulder restraint

INJURY SOURCE
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INJURIESINJURIES

•• BilateralBilateral
pulmonarypulmonary
contusionscontusions
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INJURIESINJURIES

•• Acetabular Acetabular fracture-dislocationfracture-dislocation
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POINTS OF DISCUSSIONPOINTS OF DISCUSSION

•• An “average” case were it not for ourAn “average” case were it not for our
interest in second generation airbagsinterest in second generation airbags

•• Our investigation indicated Delta V of 23Our investigation indicated Delta V of 23
mphmph

•• Seatbelt assessment indicated usage atSeatbelt assessment indicated usage at
time of crashtime of crash

•• Bilateral pulmonary contusions wereBilateral pulmonary contusions were
caused by the shoulder restraint caused by the shoulder restraint by 1stby 1st
assessmentassessment
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1998 AIRBAGS1998 AIRBAGS

•• But, But, bilateral pulmonary contusionsbilateral pulmonary contusions in a in a
71 in tall adult male who was…71 in tall adult male who was…

•• Allegedly belted, and was Allegedly belted, and was supplementallysupplementally
restrained by…restrained by…

•• Second generation, 1998 airbags…Second generation, 1998 airbags…

•• Was troublesome to NHTSA specialWas troublesome to NHTSA special
investigatorsinvestigators
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FURTHER INVESTIGATIONFURTHER INVESTIGATION

•• An “interview” of the Sensing andAn “interview” of the Sensing and
Diagnostic Module (SDM) was indicated…Diagnostic Module (SDM) was indicated…

•• A printout of the data stored in theA printout of the data stored in the
Malibu’s SDM indicated that...Malibu’s SDM indicated that...



National Study Center

DATA FROM SDM OF V1DATA FROM SDM OF V1

•• SIR light off at crash (no malfunctions)SIR light off at crash (no malfunctions)

•• Air bags deployed 27.5 millisecondsAir bags deployed 27.5 milliseconds
after collision first detected by SDMafter collision first detected by SDM

•• Delta V recorded by SDM= Delta V recorded by SDM= 50 mph50 mph

•• Crash occurred on ignition cycle 724Crash occurred on ignition cycle 724

•• The driver’s seatbelt was The driver’s seatbelt was unun latched atlatched at
the time the deployment occurredthe time the deployment occurred
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SENSING & DIAGNOSTICSENSING & DIAGNOSTIC
MODULE DATAMODULE DATA

•• In addition to the deployment crashIn addition to the deployment crash
event, the SDM also stored a event, the SDM also stored a Near-Near-
DeploymentDeployment  EventEvent that occurred that occurred
sometime during ignition cycle numbersometime during ignition cycle number
628. The maximum Delta V for this event628. The maximum Delta V for this event
was 8.9 mphwas 8.9 mph

•• The driver seat belt was The driver seat belt was latchedlatched during during
that previous eventthat previous event
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CHEST ABRASIONCHEST ABRASION

 Atypical for shoulder restraint
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CHEST ABRASIONCHEST ABRASION

 Atypical for shoulder restraint
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CHEST ABRASIONCHEST ABRASION

 Typical for “barn door” airbag covers
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BILATERAL PULMONARY CONTUSIONSBILATERAL PULMONARY CONTUSIONS

•• Are explainable in unrestrained,Are explainable in unrestrained,
sleeping driver…sleeping driver…

•• Leaning forward, against airbagLeaning forward, against airbag
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THE VALUE OF THIS CASETHE VALUE OF THIS CASE

•• It validates the new level of clinical andIt validates the new level of clinical and
engineering research that will beengineering research that will be
possible when on-board data recorderspossible when on-board data recorders
are compared to patterns of injuryare compared to patterns of injury

•• When the numbers become meaningful,When the numbers become meaningful,
the value of such research will increasethe value of such research will increase
exponentiallyexponentially
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LOW INJURY SEVERITY SCORELOW INJURY SEVERITY SCORE

CIRENCIREN
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CONDITIONSCONDITIONS

•• Single vehicle crashSingle vehicle crash
•• Vehicle left roadway, struck treeVehicle left roadway, struck tree
•• WeatherWeather
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ROADWAYROADWAY
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DIAGRAM OF CRASHDIAGRAM OF CRASH

•• Driver falls asleepDriver falls asleep

•• Leaves roadwayLeaves roadway
into fixed objectinto fixed object
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VEHICLE 1VEHICLE 1

•• 1994 Pontiac Grand Prix1994 Pontiac Grand Prix
•• Dual airbagsDual airbags
•• Both occupants beltedBoth occupants belted
•• Both airbags deployedBoth airbags deployed
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V1 INFORMATIONV1 INFORMATION

•• CDC:CDC:
•• PDOF:PDOF:
•• Heading angle:Heading angle:
•• Max. Crush:Max. Crush:

12FREN512FREN5
1010 deg deg
280 280 degdeg
104 cm at C4104 cm at C4
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V1 DELTA VV1 DELTA V

•• 66 mph (105.6 66 mph (105.6 kphkph) by initial calculation) by initial calculation
•• 35 mph when allowing for yielding object35 mph when allowing for yielding object
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ROADWAYROADWAY
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ROADWAYROADWAY

V2V2
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VEHICLE VS TREEVEHICLE VS TREE
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COMPARISONCOMPARISON

Exemplar vehicle   Exemplar vehicle     vs        vs           Vehicle 1 Vehicle 1
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FRONT END MEASUREMENTFRONT END MEASUREMENT
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FRONT END MEASUREMENTFRONT END MEASUREMENT
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RECONSTRUCTIONRECONSTRUCTION
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D RINGD RING
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INTERIOR COMPARISONINTERIOR COMPARISON
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INTERIOR COMPARISONINTERIOR COMPARISON
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RIGHT AIRBAG & COVERRIGHT AIRBAG & COVER
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INJURIES: CASE 850INJURIES: CASE 850

•• Bilateral Bilateral racoon racoon eyeseyes
•• Facial abrasions/burnsFacial abrasions/burns
•• Bilateral corneal abrasionsBilateral corneal abrasions
•• Nasal fractureNasal fracture
•• Left 5th rib fractureLeft 5th rib fracture
•• Right chest wall abrasionRight chest wall abrasion
•• Left lower abdominal wall abrasionLeft lower abdominal wall abrasion
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SEATBELT ABRASIONSSEATBELT ABRASIONS
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NASAL FRACTURENASAL FRACTURE
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INJURIES: CASE 850INJURIES: CASE 850

•• L2 compression fractureL2 compression fracture
•• Right Right pilon pilon fracturefracture
•• Left Left bimalleolar bimalleolar ankle fractureankle fracture
•• Left Left subtalar subtalar fracture/dislocationfracture/dislocation
•• LeftLeft calcaneous calcaneous avulsion fracture avulsion fracture
•• Left metatarsal fractures 2,3,4Left metatarsal fractures 2,3,4
•• Left lateral cuneiform fractureLeft lateral cuneiform fracture
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L2 COMPRESSION FRACTUREL2 COMPRESSION FRACTURE
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RIGHT PILON FRACTURERIGHT PILON FRACTURE
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RIGHT PILON FRACTURERIGHT PILON FRACTURE
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SUBTALAR DISLOCATIONSUBTALAR DISLOCATION

LEFT



National Study Center

SUBTALAR DISLOCATIONSUBTALAR DISLOCATION

Avulsion fracture
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LEFT ANKLE FRACTURELEFT ANKLE FRACTURE



National Study Center

METATARSAL FRACTURESMETATARSAL FRACTURES
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MIDFOOT FRACTURESMIDFOOT FRACTURES
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INJURY SEVERITY SCOREINJURY SEVERITY SCORE
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LOWER EXTREMITYLOWER EXTREMITY

•• Right Right pilon pilon fracturefracture
–– Sequellae Sequellae are permanentare permanent
–– Painful gaitPainful gait

•• Left Left subtalarsubtalar fracture/dislocation fracture/dislocation
–– Painful gaitPainful gait
–– Unable to walk on uneven surfacesUnable to walk on uneven surfaces
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FOOT & ANKLE INJURIESFOOT & ANKLE INJURIES

•• And, as or more importantly…And, as or more importantly…

•• These injuries are These injuries are bilateralbilateral……

•• Requiring more nursing andRequiring more nursing and
rehabilitative carerehabilitative care
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SOCIOECONOMIC IMPACTSOCIOECONOMIC IMPACT
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CIRENCIREN
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Psychosocial Dimensions ofPsychosocial Dimensions of
Vehicular InjuryVehicular Injury

•• Physical OutcomesPhysical Outcomes
•• Employment/OccupationEmployment/Occupation
•• Payor Payor SourcesSources
•• EducationEducation
•• CostsCosts
•• Behavioral/Risk TakingBehavioral/Risk Taking
•• Role of Alcohol andRole of Alcohol and

DrugsDrugs
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Case 850Case 850

Pre Crash HistoryPre Crash History
•• 53 year old male53 year old male
•• Self EmployedSelf Employed
•• Private HealthPrivate Health

InsuranceInsurance
•• MarriedMarried
•• H.S. GEDH.S. GED
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Case 850Case 850

Pre Crash HistoryPre Crash History
•• 53 year old male53 year old male
•• Self EmployedSelf Employed
•• Private HealthPrivate Health

InsuranceInsurance
•• MarriedMarried
•• H.S. GEDH.S. GED

At DischargeAt Discharge
•• Non-Non-weightbearingweightbearing
•• 24 hour supervision24 hour supervision
•• Physical therapyPhysical therapy

recommendedrecommended



National Study Center

Case 850Case 850

3-month follow-up3-month follow-up
•• No cognitiveNo cognitive

deficitsdeficits
•• Mild behavioralMild behavioral

changechange
•• Mouth numbnessMouth numbness

3 month follow-up3 month follow-up
•• Physical therapyPhysical therapy

2x/week2x/week
•• 40 RN visits40 RN visits
•• PartialPartial  weightbearingweightbearing
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Case 850Case 850

3-month follow-up3-month follow-up
•• UnemployedUnemployed
•• Exhausted savingsExhausted savings
•• No disability coverageNo disability coverage
•• Need to relocateNeed to relocate

3 month follow-up3 month follow-up
•• Physical therapyPhysical therapy

2x/week2x/week
•• RN visits 3x/weekRN visits 3x/week
•• Partial Partial weightbearingweightbearing



National Study Center

Medical CostsMedical Costs

Case 850Case 850
•• $44,511 Hospital$44,511 Hospital
•• $6,495 Professional$6,495 Professional
•• $64,000 (Spouse)$64,000 (Spouse)
•• $ 4,800 Clinic visits + transportation$ 4,800 Clinic visits + transportation
•• $    800 ER visits$    800 ER visits

Total cost (3 months) =  $137,000

Lost wages = $22,000


